Materials
Ytterbium (III) chloride hexahydrate (YbCl 3 ▪6H 2 O, 99.99%) and Tris (4,4-dicarboxylicacid-2,2-bipyridyl) ruthenium(II) dichloride Ru(II) [4,4' -(HO 2 C) 2 -bpy] 3 ▪Cl 2 were obtained from Sigma-Aldrich, Shanghai, China. Gadolinium (III) chloride hexahydrate (GdCl 3 ▪6H 2 O, 99.99%) and 9,10-anthracenediyl-bis (methylene) dimalonic acid (ABDA) were purchased from Aladdin Chemistry Co. Ltd., Shanghai, China. Dimethylformamide (DMF) and other solvents were from Concord Reagent Co., Tianjin, China. Ultra-pure water was prepared with an Aquapro system (18.25 MΩ). All reagents were used as purchased without further purification. free. All experimental protocols using animals were approved by the Institutional Animal Care Committee of Nankai University.
Animal Experiments

Instrument and Characterization
The scanning electron microscopy (SEM) images were recorded with JSM-7500F, Japan.
The transmission electron microscopy (TEM) images and EDX were recorded with Tecnai G2 F20, FEI Co. (America) operated at an accelerating voltage of 200 kV. UV-Vis absorption spectrum was recorded by a UV-2450-visible spectrophotometer (Shimadzu, Japan). The steady-state fluorescence experiments were performed on a FL-4600 Fluorescence Spectrometer (Hitachi, Japan) equipped with a plotter unit and a quartz cell (1 cm × 1 cm).
The slit width was 5 and 5 nm for excitation (460 nm) and emission, respectively. The infrared spectra were measured by the Bruker TENSOR 27 Fourier transform infrared spectroscopy. The content of Gd, Yb, and Ru was measured by Inductively Coupled Plasma Atomic Emission Spectroscopy (ICP-AES), IRIS advantage, Thermo, USA. Thermogravimetric analysis (TGA) was performed on a PTC-10ATG-DTA analyzer heated from 20°C at a ramp rate of 10°C min -1 under air. XRD patterns were recorded by a D/max-2500 diffractometer (Rigaku, Japan) using Cu-Kα radiation (λ = 1.5418 Å). The MR images were conducted using a MRI system (1.2 T, Huantong, Shanghai, China). The synthesis of Gd/Yb-Ru NCPs (1:1) was similar to that of 
Synthesis of Gd/Yb-Ru NCPs (1:2)
The synthesis of Gd/Yb-Ru NCPs (1:2) was similar to that of The red precipitates were isolated by washing with ethanol and dried at room temperature.
Yield: 89 % based on L Ru .
Cytotoxicity of PEG@NCPs
The cell viability of PEG@NCPs was tested on HepG2 cells using a standard methyl thiazolyl tetrazolium (MTT) assay. Briefly, the cells were incubated to 96-well culture plates at a density of 5 ×10 3 cells per well in culture medium. The PEG@NCPs at the concentration between 0 and 320 g mL -1 were introduced to the medium and incubated 12 h after HepG2 cells reached 90-95 % confluences. As a comparison, GdCl 3 , YbCl 3 , and Ru [4,4' -(HO 2 C) 2 -bpy] 3 ▪Cl 2 (L Ru ) at the concentration the same as that of the NCPs were added to each well. All of the cells were incubated for another 4 h. Dimethyl sulfoxide (150 L) was used to completely liberate the formazan crystals. The absorbance at 490 nm was measured to calculate the cell viability. Three independent experiments were performed under identical conditions. Human hepatoma carcinoma cell line (HepG2) was obtained from the Chinese Academy of Sciences (Beijing, China). HepG2 cells were maintained in complete Dulbecco's modified Eagle's medium (DMEM, Biological Industries, Israel) supplemented with 10 % fetal bovine serum (FBS, BI, Israel) and 1 % penicillin-streptomycin solution (PS, Life technologies, America). The cell lines were maintained in HERAcell VIOS 150i CO 2 incubator (Thermo scientific, America) at 37°C in a 5% CO2 atmosphere with 95% humidity. HepG2 cells (10 5 cells/mL) were dispersed within replicate 96-well microtiter plates to a total volume of 100 l/well for MTT Assay. The plates were maintained at 37 °C in 5 % CO 2 incubator for 24 h.
The cells were sequentially incubated with different concentrations of PEG@NCPs (20, 40, 80, 160, 240 , and 320 g mL -1 based on mass of NCPs) for 10 h. After washed three times with PBS solution, photodynamic therapy (PDT) groups were irradiated with blue LED lamp (5 W) for 10 min. Then the plates were maintained at 37 °C in 5 % CO 2 incubator for another 24 h.
MTT (3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2-H-tetrazolium bromide, Keygen Biotech, Jiangsu, Chian) solution (20 L 5.0 mg/mL, BBS) was then added to each well. After 3 h, the remaining MTT solution was removed, and 150 L dimethyl sulfoxide (Amresco, America) was added into each well to dissolve the formazan crystals. The absorbance (OD value) of each well was measured on a microplate reader (Promega, China) at the wavelength of 550 nm. Cell viability was calculated as followed:
For the trypan blue measurement, two different plates were used for each cell sample set; the first plate containing HeLa cells was incubated with culture; the second plate was incubated with PEG@NCPs. Both of two kinds of cells were subjected with and without LED blue light. The cells were then stained with 1 mL of 0.4 % trypan blue dye to determine the level of cell damage because the dead cells were marked with the blue color of trypan blue.
In Vitro fluorescent imaging with L Ru or PEG@NCPs as probes
HepG2 cellls were seeded in 24-well plates at a density of 4×10 4 cells per well, the plates were maintained at 37 ° C in 5 % CO 2 air incubator for 24 h. The cells were sequentially incubated with L Ru or PEG@NCPs (320 g/mL) for 3 h. Then, the cells were fixed with 4 % paraformaldehyde in PBS for 20 min at room temperature, and washed with PBST (5% Tween-20 in PBS) solution three times, and the cell nuclei were stained with 4',6-diamidino-2-phenylindole (DAPI, 1 ng/mL PBS, Sigma, America) for 5 min. Confocal laser scanning microscope images of cells were captured with FV 1000 confocal microscope, Olympus, Japan. The excitation wavelengths for DAPI and NPMOFs were set at 405 nm and 480 nm, while emission was record at 425-475 nm and 570-670 nm, respectively.
Toxicity of PEG@NCPs recorded with mice as model
In vivo toxicity of PEG@NCPs was tested with mice (18−22 g, n = 3 per group) as model.
After intravenous injection of the PEG@NCPs solution (20 μmol Gd 3+ per kg), the mice anesthetized with 4 % chloral hydrate (6 mL kg −1 ) were dissected at 7 days and all of the organs were harvested. Hematoxylin and eosin (H&E) stained images were used to investigate the difference between experimental group (injected with PEG@NCPs) and control group (injected with normal saline). The body weight of the mice was monitored with a counter balance within 28 days.
In Vitro MR imaging and in vivo fluorescence and MR imaging with PEG@NCPs
In vitro MR imaging with PEG@NCPs as probe was tested at different concentrations MR imaging was performed on a 3.0 T MR imaging system (GE Signa Excite) using a small animal coil, before and at subsequent intervals following injection, using a fatsaturated 3D gradient echo imaging sequence: TR/TE = 9.7/3.0 ms; inversion time = 5.0 ms; FA = 13°; FOV = 110 mm × 110 mm; matrix = 256 × 256; slice thickness = 1 mm without gap;
176 coronal slices obtained.
In vitro X-ray attenuation measurement and in vivo CT imaging
For in vitro and in vivo CT imaging, X-ray attenuation measurement and phanton CT images were analyzed by using a clinical CT system (SIEMENS Spirit CT 31159, Germany).
Parameters for the measurement and imaging were as follows: 80 kV, 210 mA; exposure time 730 ms; table speed 26.56 mm s -1 . Aqueous solutions of 1 mL PEG@NCPs of various concentrations as Yb at 1.04, 2.04, 3.12, 4.68, and 6 .24 mg/mL were prepared for the X-ray attenuation measurement and phanton CT imaging. The attenuation values were read from the CT imaging software.
For CT imaging in vivo, the mice (about 22 g) were first anesthetized by intraperitoneal injection of 200 L of 4% chloral hydrate, and then intravenously injected with PEG@NCPs solution (300 μL, 27 mg/mL). CT images were collected on the same clinical CT system with the same parameters as in vitro test.
In vitro PDT capacity investigation
1 O 2 generation was determined by 9,10-anthracenediyl-bi(methylene) dimalonic acid (ABDA) assay. PEG@NCPs (80 μM) was mixed with ABDA (200 μM), then the mixture was irradiated by an LED blue light (0.1 W/cm 2 ) lamp. The absorption of ABDA at 378 nm was monitered every five min. PEG@NCPs (80 μM) and ABDA (200 μM) at the same concentration were set as controls.
Results and Discussion
The preparation and validation of the mixed-metal NCPs
Before adopting simple hydrothermal method, we tried the microemulsion method because microemulsion method is often used to prepare nanoscale coordination polymers (NCPs). Sexadentate Ru(II) [4, 2 bpy] 3 2+ (L Ru ) was selected to react with Gd 3+ ions by microemulsion method to prepare NCPs. However, we found the morphology and size of the NCPs were almost unaffected by the content of surfactant. Uniform Gd-Ru NCP spheres were also obtained by heating the mixture of L Ru and Gd 3+ ions in DMF/H 2 O system without any auxiliary ligand or surfactant (Fig. 1a) . Therefore, we adopted simple hydrothermal strategy for the preparation of NCPs and proposed the self-limiting growth mechanism. In the IR spectra of L Ru and NCPs (Fig. S4) 
Validation of the high yield of the mixed-metal NCPs
Gd 3+ , Yb 3+ and L Ru can be dissolved in DMF/H 2 O/HCl mixture solvent to form uniform solution as illustrated in Fig. S7a . Aftere reaction, the mixture solution was subjected to centrifuge. A clear supernatant was obtained (Fig. S7b) . Thus, 100 % of L Ru was integrated into the NCPs. After simple centrifugation and washing with ethanol/H 2 O of the NCPs, the yields, which were calculated based on L Ru , were all higher than 85% with the simple and robust procedure. Powder X-ray diffraction (XRD) of the NCPs did not exhibit well defined diffraction peaks (Fig. S10 ), but the broad peak centered at 22° indicate partly crystal structure. 3, 4 No obvious difference in reflection peak angle was observed despite the different Gd/Yb ratios in those NCPs. The broad peak centered at 22° confirmed that the NCPs are amorphous structurally.
Although crystal islands were observed, their different orientation led to the total amorphous structure of the NCPs. 
Sample
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In ICP-AES results 
Stability, cytotoxicity, and high biocompatibility of PEG@NCPs
After the same pretreatment with Gd/Yb-Ru NCPs, the TGA analysis of PEG@NCPs was carried out (Fig. S13) . The appearance of decomposition curve (380 o C) of PEG proves its successful coating, and the grafted amount is about 13%.
The stability of PEG@NCPs was tested to validate their practicability. To investigate the stability of the PEG@NCPs, the NCPs were dissolved in saline solution containing 10 % fetal bovine serum (FBS) at 37 o C. After different time intervals, 1 mL aliquots of the solution were used for TEM examination (Fig. S14) . The size and morphology of PEG@NCPs remained unchanged over 24 h, illustrating their chemical stability (Fig. S14) . μm.
